Although stable money demand functions are crucial for the working of the monetary model of the exchange rate, the empirical research on exchange rates and money demand is more or less disconnected. This paper tries to fill the gap for the Euro/Dollar exchange rate. We investigate whether monetary disequilibria provided by the empirical literature on U.S. and European money demand functions contain useful information about exchange rate movements. Our findings suggest that the empirical relevance of monetary exchange rate models increases when results from the money demand literature are explicitly taken into account.
Introduction
For the monetary model of the exchange rate, the assumption of stable money demand functions is of crucial importance. The way economic fundamentals enter the money demand functions home and abroad determines how the equilibrium value of the exchange rate is affected by money supplies, incomes, and interest rates. Therefore, as Smith and Wickens (1986) already emphasized, inappropriate modelling of money demand functions might be a major cause for the failure of empirical exchange rate models. This paper examines whether the monetary exchange rate model benefits from a more careful treatment of the underlying money demand functions.
Since the seminal paper by Meese and Rogoff (1983) , a lot of contributions aimed to improve the performance of empirical exchange rate models. In particular, MacDonald and Taylor (1994) established multivariate cointegration techniques in the exchange rate literature to model the dynamics of the exchange rate more appropriately. Yet the empirical evidence for the monetary exchange rate model is still mixed, see e.g. Cheung et al. (2002) . Many contributions that claim to support the monetary model have severe problems to identify the cointegrating relation linking the exchange rate to economic fundamentals. In fact, the number of cointegrating relations found and the implied estimates of long-run income and interest rate elasticities of money demand are often at variance with both, economic theory and the main results of the empirical money demand literature. Carlson et al. (2000) provide a very comprehensive study on U.S. money demand.
They find evidence for a stable money demand function when controlling for financial innovations. Similarly, e.g. Coenen and Vega (2001) or Bruggeman et al. (2003) confirm the stability of money demand for the euro area. With stable money demand functions for the U.S. and Europe, two important conditions for the validity of the monetary model of the exchange rate are met. As a consequence, the empirical analysis of the monetary exchange rate model should give more emphasis on the specification of the underlying money demand functions.
In the current paper, we therefore build on the money demand literature and estimate a structural Euro/Dollar exchange rate equation where the exchange rate responds to deviations from well-specified long-run money demands. This approach to the monetary model guarantees plausible long-run relations and avoids critical parameter restrictions. In addition, it leads to an exchange rate equation that allows an 1 economic interpretation of the various channels affecting the exchange rate.
Our empirical results confirm that the use of well-specified money demand functions improves the empirical performance of the monetary model of the exchange rate. In line with theoretical predictions, we find that the Euro/Dollar exchange rate reacts to monetary disequilibria in Europe and the U.S. significantly and in a plausible way. Dynamic simulations show that structural exchange rate equations track the exchange rate path reasonably well. In particular, they always outperform reduced form equations typically employed in the literature as well as a naive benchmark model (the random walk).
The closest references to our paper are Moersch and Nautz (2001) and La Cour and MacDonald (2000) . These papers also argue that exchange rate dynamics could be better understood if the monetary building blocks of the model are treated more carefully.
However, in contrast to the current paper, they do not explicitly incorporate results of the empirical money demand literature. In particular, La Cour and MacDonald (2000) cannot identify plausible money demand relations for the U.S. and Europe. In sharp contradiction to the findings of the empirical money demand literature, they found no significant impact of income on money demand in both countries.
The paper is structured as follows. Section 2 discusses problems of the empirical literature on the monetary exchange rate model. These problems are illustrated with regard to the Euro/Dollar exchange rate. In Section 3, we briefly review recent studies on U.S. and European money demand. Following Carlson et al. (2000) we compare the corresponding monetary disequilibria defined as deviations from long-run money demand. Despite some marked differences in the parameter estimates across money demand functions, the differences in the corresponding monetary disequilibria seem to be less pronounced. This indicates that money demands taken from the literature are a reliable input to the analysis of exchange rates. In section 4 we estimate structural exchange rate equations that explicitly account for the deviations from long-run money demand and present dynamic simulations to assess the equations' ability to track the exchange rate path. Section 5 concludes.
The Monetary Model of Exchange Rate Determination

A Brief Review of the Literature
The standard flexible price monetary model of exchange rate determination as introduced by Frenkel (1976) relies on three economic long-run relationships, namely (1) the money demand relation of the home country and (2) the money demand relation of the foreign country which are linked by (3) Purchasing Power Parity (PPP):
Here, m and p denote logs of money supply and the price level while y stands for (log) real income. s is the (log) nominal exchange rate between the currencies of the home and the foreign country 1 and i is an interest rate measuring the opportunity costs of holding money. An asterisk denotes foreign variables. The ec-terms capture stationary deviations from the three long-run equilibria. to the model, see e.g. MacDonald and Taylor (1994) , Moosa (1994) , Kim and Mo (1995) , Diamandis and Kouretas (1996) .
The empirical literature on the monetary model typically refers to a reduced form equation of the exchange rate
where price levels are eliminated by solving (3) for p − p * and substituting in (1) − (2).
Equation (4) is the well-known fundamental equation of the exchange rate that links the equilibrium value of the exchange rate to economic fundamentals. Theoretically, we get β 1 = −β 2 = 1, β 3 = α, β 4 = −α * , β 5 = δ and β 6 = −δ * . The long-run relations
(1) to (3) imply that the fundamental equation (4) is a cointegrating relation of the reduced system z = (s, m, m * , y, y * , i, i * ) since u = ec ppp − ec m + ec m * is stationary. However, the virulent problem in this literature is the determination of the cointegration rank of z. On the one hand, there can be more than one cointegrating vector such that the long-run equilibrium value of the exchange rate is not identified (see MacDonald and Taylor 1994; Moosa 1994) . In this case, it is often viewed as a matter of judgement to determine the cointegrating vector which is mostly consistent with the monetary model. 2
On the other hand, there are studies where the evidence for the existence of any cointegrating relation is only poor (Kim and Mo 1995, p. 355; Mark 1995, pp. 208) .
Recent work on the monetary model by Groen (2000 Groen ( , 2002 explains the absence of cointegration by the low power properties of cointegration tests in small samples. Consequently, he proposes the application of panel data to solve the "time span problem".
In fact, exploiting the cross-section dimension of a multi-country panel (see also Oh 1999; Mark and Sul 2001) , he finds some empirical support for the existence of exactly one cointegrating relation consistent with the monetary model. Alternatively, Rapach and Wohar (2002) expand the time dimension by using long spans (i.e. about a century) of data. They show that deviations from the monetary model are highly persistent near-unit root processes which might be responsible for difficulties to find support for cointegration when using short time spans of data. 3 A further caveat of many empirical studies on the monetary exchange rate model refers to parameter restrictions. First, the hypothesis of a unit coefficient for relative money (i.e. β 1 = −β 2 = 1), which follows from the fundamental equation of the exchange rate, is not easily accepted by the data (see e.g. MacDonald and Taylor 1994).
Second, some recent contributions restrict the attention to relative money supplies and incomes, see e.g. Rapach and Wohar (2002) and Groen (2002) . This implies equality restrictions on both, income and interest rate elasticities of money demands home and abroad. Moreover, Rapach and Wohar (2002) or Groen (2002) do not explicitly account for interest rate effects such that the employed fundamental exchange rate equation melts down to:
Finally, Mark and Sul (2001) restrict the income elasticities of money demand to be one for both countries:
Not surprisingly, many of these parameter restrictions are typically rejected, see e.g. MacDonald and Taylor (1994) and Diamandis and Kouretas (1996) . More importantly, these restrictions imposed by the empirical exchange rate literature often contradict the empirical findings of recent studies on U.S. and European money demand, see section 3.
The Monetary Model and the Euro/Dollar Exchange Rate: An Illustrative Example
Let us now illustrate the aforementioned problems of the empirical exchange rate literature with regard to the Euro/Dollar exchange rate. In line with the literature, we begin with a cointegration analysis of the system of fundamentals z = (s, m, m * , y, y * , i, i * )
including the nominal Euro/Dollar exchange rate, European and U.S. monetary aggregates, real output, and long-term nominal interest rates as a measure of opportunity costs for holding money. 4
The Johansen test provides mixed evidence concerning the cointegration rank. 5
Similar to MacDonald and Taylor (1994) we have to impose the existence of a unique long-run exchange rate relation despite the indication of a possibly higher cointegration rank. The estimation results for the unrestricted long-run coefficients of the cointegrating vector are summarized in column 2 of Table 1 . In line with many contributions to the empirical exchange rate literature, we find very implausible long-run coefficients which are even wrongly signed. Moreover, as in La Cour and MacDonald (2000), output
does not enter the cointegrating vector significantly.
Following MacDonald and Taylor (1994), we re-estimated the cointegrating vector imposing a unit coefficient on relative money supply as well as symmetry restrictions 
Notes:
We refer to the long-run relationship st = β0 + β1mt + β2m * t + β3yt + β4y * t + β5it + β6i * t + ut (see equation (4)). Column 1 denotes the variable corresponding to the estimated long-run parameter. Columns 2-5 show the parameter estimates for the (restricted) cointegrating vector (t-values in parentheses). The last row shows the p-value for the LR-test on the parameter restrictions.
on both the income elasticities and the interest rate semi-elasticities, see column 3
of Table 1 . The restrictions are rejected at the 5%-level by a likelihood ratio test (p(LR) = 0.03). Note that the estimated long-run coefficients are still implausible, in particular the signs of the output coefficients.
In column 4, we excluded interest rates from the system and estimated the cointegrating vector referring to equation (5) in line with Rapach and Wohar (2002) . The resulting estimates of the income elasticities are implausibly high and the LR-test rejects the restrictions at the 5%-level. And finally, following Mark and Sul (2001) , we also imposed a unit coefficient on relative output as introduced in equation (6). However, the unit coefficients are clearly rejected by the data, see column 5.
The results presented in Table 1 cast serious doubts on the validity of the monetary model or at least on the appropriateness of the testing approach. In particular, there seems to be no evidence for a cointegrating vector convincingly supporting the monetary model. Rather, parameter restrictions which would support the monetary model are clearly rejected. In the following, we examine whether a more careful treatment of the money demand relationships (1) and (2) helps to improve the empirical performance of the monetary exchange rate model.
The Role of Monetary Disequilibria for the Monetary Model of the Exchange Rate
The distinguishing feature of the monetary model compared to solely considering PPP for exchange rate determination is that it additionally considers the effect of monetary disequilibria in the home and the foreign country on the exchange rate. Therefore, La
Cour and MacDonald (2000) 
As a result, there is only one disequilibrium term u t = ec ppp − ec m + ec m * included in the error-correction equation of the exchange rate:
This reduced form approach to the monetary model severely restricts the adjustment dynamics of the exchange rate. In fact, the rate of mean reversion (γ r ) is assumed to be the same for all long-run equilibria (1) to (3) underlying the monetary model, compare Moersch and Nautz (2001) . Note that these restrictions are not justified by the monetary model.
In the following, we allow the exchange rate to adjust to deviations from the money demand relations (home and abroad) and deviations from PPP in an unrestricted way. 6
More specifically, we shall estimate a structural error-correction equation for the exchange rate which accounts for the deviations of all relevant economic long-run relations including ec m , ec m * and ec ppp .
Modelling deviations of the exchange rate from PPP in addition to deviations from economic fundamentals was also proposed by Mark and Sul (2001, p. 41) .
7
Theory predicts particular signs for the different γ-coefficients: an excess money supply in Europe (ec m t−1 > 0) is expected to result in a depreciation of the Euro (γ m > 0) while an excess money supply in the U.S. (ec m * t−1 > 0) should be followed by an appreciation of the Euro against the Dollar (γ m * < 0). Furthermore, a positive deviation from PPP (ec ppp t−1 > 0) indicates an undervaluation of the Euro which should lead to an appreciation (γ ppp < 0).
Investigating the exchange rate dynamics by means of the structural error-correction equation (8) we circumvent many of the problems discussed above. Using monetary disequilibria collected from the empirical money demand literature we benefit from a careful analysis of differences between both countries. In particular, we avoid implausible estimates for long-run income and interest rate elasticities of money demand. We do not impose equality on the income and interest rate (semi-)elasticities of the money demand functions. In addition, we can evaluate whether methodological differences across various studies on money demand (e.g. with regard to data or the choice of variables) influence the informational content of monetary disequilibria for the exchange rate. Finally, in contrast to the reduced form equations typically employed in the literature, we do not impose the same rate of mean reversion for all long-run equilibria underlying the monetary model.
The next section gives a brief survey of recent empirical results on U.S. and European money demand. In particular, we will compare the monetary disequilibria implied by the money demand functions estimated in these studies. Reserve Bank. A very comprehensive study on U.S. money demand is provided by Carlson et al. (2000) . They find evidence for a stable money demand relationship with regard to the broad monetary aggregate M2 when controlling for episodes of financial innovation in the nineties. Focusing on the aggregates M2M and MZM, which exclude small time deposits, they control for effects of households' portfolio reallocation which might be responsible for the instability of the M2 money demand relation e.g. detected by Miyao (1996) . (1979) (1980) (1981) (1982) at the beginning of the eighties, but these deviations become smaller around 1985. In the early nineties there was an excess money supply which disappeared until 1995. In Section 4, we will investigate whether the Euro/Dollar exchange rate responds to a representative monetary disequilibrium as identified by Carlson et al. (2000) .
Money Demand in Europe
In recent years, the European money demand has been very well researched. The These studies differ in mainly three aspects: 
where f t is the r.h.s. of the money demand relations reported in Table 2 European time series were projected up to 2002:4 using growth rates of the respective variables from the Euro Area Statistic (EAS) of the ECB. In particular, we derived nominal and real money growth using the ECB-series for (seasonally adjusted) M3 and the GDP deflator where the latter was also used for computing (annualized) inflation.
Furthermore, growth rates of real GDP were computed using the ECB-series for nominal GDP and the GDP deflator. For interest rates the time series were expanded by the (quarterly averages of the) Euribor 3-month rate and the 10-year government bond yield, respectively. 9
The synthetic Euro/Dollar exchange rate is constructed by backcasting the Euro/Dollar exchange rate series from the ECB since 1999 using a weighted sum of growth rates of 10 national bilateral exchange rates. In contrast to La Cour and MacDonald (2000), we do not consider the European Currency Unit (ECU), since the ECU included countries which do not join the EMU (Denmark, United Kingdom). In opposite, Austria and Finland -which introduced the Euro in 1999 -were not included in the ECU. The fixed weights used for this index aggregation (see Fagan and Henry 1998) are GDP weights (1998) at PPP exchange rates.
8 We thank Claus Brand, Annick Bruggeman, Günter Coenen, Oliver Holtemöller and Christian Müller for providing us with the original data used for their analyses. Data for Golinelli and Pastorello (2002) are available at: http://spbo.unibo.it/pais/golinelli/macro.html. Funke (2001) essentially draws on the same dataset as Coenen and Vega (2001) . Kontolemis (2002) expands the dataset of Brand and Cassola (2000) up to 2001:3. The U.S. data can be downloaded at http://research.stlouisfed.org/fred2.
9 The own rate of M3 as used in Bruggeman et al. 
Structural Exchange Rate Equations
Referring to the various studies on U.S. and European money demand introduced in section 3, we now estimate structural exchange rate equations according to (8) that explicitly account for the corresponding monetary disequilibria. Specifically, we estimate error-correction equations for the exchange rate of the following form:
In addition to the monetary disequilibria (ec m , ec m * ) derived in section 3, the exchange rate also responds to deviations from PPP (ec ppp ) and a long-term interest rate differ-
The interest rate differential ec ird enters the equation since Mark and Moh (2001) found that interest rate differentials have remarkable explanatory power for exchange rate movements. 11 If γ ird < 0, then a positive interest rate differential (ec ird t−1 > 0) leads to an appreciation of the Euro. The (log) U.S. GDP deflator and the (log) European GDP deflator enter the ec ppp -term as foreign and domestic price levels. Unit root tests indicate that both regressors, (ec ppp ) and the interest rate differential (ec ird ) can be viewed as stationary.
For each European monetary disequilibrium derived from the studies reported in Table 2 we estimated an exchange rate equation of the form (10). Due to the high similarity of the U.S. monetary disequilibria derived by Carlson et al. (2000) (see Figure 1) we focused on a single U.S. disequilibrium (ec m * = m * t − p * t − 0.717IP t + 5.245oppcost t ). We also estimated an exchange rate equation following the reduced form approach based on equation (7):
In order to achieve comparability between the exchange rate equations (10) and (11) we also included the interest rate differential ec ird t−1 . In both specifications, lagged differences of the (logged) exchange rate ensure that the residuals of the exchange rate equation are white noise.
10 The following equations always contain a constant and an impulse dummy D924 to capture the effects of exchange rate turmoils in fall 1992.
11 The importance of interest rate differentials for the specification of exchange rate relationships is also emphasized by MacDonald and Marsh (1997) and La Cour and MacDonald (2000) .
We obtained the equilibrium deviations u t of the reduced form equation in two ways. First, u joh t are deviations from the cointegrating vector estimated within the multivariate Johansen framework (see section 2.2). Second, u EG t are the residuals from an OLS regression of the exchange rate on the fundamentals s t = β 0 + β 1 m t + β 2 m * t + β 3 y t + β 4 y * t + β 5 i t + β 6 i * t + u t along the lines of the two-step Engle-Granger procedure (see Engle and Granger 1987) .
Computing u t by alternative procedures encountered in the literature, we seek to ensure the robustness of our results. Table 3 summarizes the estimation results for the adjustment parameters γ m , γ m * , γ ppp and γ ird of the structural exchange rate equation (10). The columns 6 and 7
show the adjustment parametersγ joh ,γ EG of the reduced form exchange rate equation (11). The corresponding adjustment parameters of the interest rate differential are not reported for the reduced form specifications because they were always insignificant.
In most cases, the adjustment parameters for the structural exchange rate equations are significant and show the expected signs (except one negative but insignificant estimate for γ m ). Considering the single adjustment coefficients for the exchange rate equations obtained from the reduced form approach (γ joh ,γ EG ), we note that all of them show the expected negative sign and are (almost) always significant. The estimates for γ EG are always larger in absolute value than the respective estimates for γ joh .
In the following section we check whether estimating a structural error-correction equation, where the impact of monetary disequilibria is explicitly accounted for, also pays off with regard to the equation's ability to track the exchange rate path.
Assessing the Performance of the Exchange Rate Equations
Following Mark and Sul (2001) , the focus of our analysis is on the link between the exchange rate and economic fundamentals and not on the forecasting performance.
Therefore, the performance of exchange rate equations is assessed by use of dynamic simulations 12 that reveal the ability of an equation to track the exchange rate path over the sample under regard. As a point of reference we also consider a "no change"-simulation of the exchange rate (random walk) which assumes a constant value for the exchange rate as in 1984:2 over the whole solvation sample. Table 4 The dynamic simulations of the exchange rate equations provide strong evidence in favor of the structural specification. In fact, irrespective of the money demand function under regard, the structural equation outperforms both, the two equations derived from the reduced form approach (based on u joh t and u EG t ) and the "no change"-simulation. Smith and Wickens (1986) , this indicates that the performance of empirical exchange rate models can be improved significantly by taking insights from the money demand literature into account.
